Abstract. Increased knowledge of the anatomy, physiology and biomechanics of the cervical spine and the enclosed neural and vascular elements is leading to a better understanding of the importance of cervical spine stenosis, as certain clinical syndromes may ensue and may respond well to operative decompression. The present study was designed to investigate the incidence of cervical spine stenosis in patients who have required surgical treatment for cervical spondylosis, and to evaluate the clinical results.
Constitutional
The reason for constitutional narrowing of the canal is not known. Some authors have stressed the possible significance of excess secretion of human growth hormone in early development possibly causing premature closure of ossification centres. Ossification occurs about the 9th week of gestation, in each half of the yet unclosed neural arch and in the centrum of the vertebral body. There may be hereditary factors, which as yet are not well defined. It is noted that cervical and lumbar stenosis may not uncommonly be seen in the same patient. Acquired Acquired forms of cervical spinal stenosis is seen in various conditions, but in particular in some patients with cervical spondylosis and in some with a cervical intervertebral disc protrusion. Also in achondrodysplasia, with certain spinal neoplasms, after spinal trauma, as a complication of Paget's disease of bone, and in subluxations of the cervical spine with ageing.
The close association of a narrowed spinal canal in patients with cervical spondylotic myelopathy (Payne & Spillane, 1957) , is confirmed and fully accepted.
Mechanisms and Biomechanics

Vascular
It is considered that there is claudication of the cervical spinal cord with neck movements. As long ago as 191 I, Dejerine described what he termed 'intermittent claudication of the spinal cord'. Fibres of the cortico-spinal and spino-thalamic tracts in the lateral white columns are particularly vulnerable; and this would appear to be related to the blood supply of these regions from perpendicular perforating vessels of the pial anastomotic arterial network.
Mechanical
It is remarkable to see the effects of spinal movement, and in particular flexion and extension, on all spinal structures, altering the length of the vertebral column and the length of the theca and its contents both spinal cord and nerve roots, and also of blood vessels (Brieg, 1960) . Extension may result in a 9-17 per cent or more reduction in diameter of the spinal canal and a 25 per cent reduction in the diameter of the intervertebral foraminae, and about 15 per cent reduction in diameter of the spinal cord (Waltz, 1967) .
Vascular and Mechanical
In the individual patient both vascular and mechanical factors may be important but in what proportions is not known.
Diagnosis
Clinical
The clinical symptoms and signs are varied and variable, and it is likely that there is more than one syndrome in this condition of cervical spinal canal stenosis. However, leg cramps and tiredness of the legs especially when walking upstairs are commonly noted, and paraesthesiae of the hands are also quite common. Neck pain may occur.
There are myelopathic syndromes: (a) sudden without regression, or (b) brief transient episodes.
These syndromes may be aggravated by physical activity. Severe, crisp sensory changes are unusual, as are disturbances of bowel, urinary bladder or of sexual functions (Table II) .
Radiological
I recommend that cervical spine radiographs should be taken at a standard distance, e.g. 72 cm. Plain lateral radiographs are taken with the patient's neck in a 'neutral' position, then fully flexed and then fully extended. Lateral tomography should also be done. Myelography (Fig. I ), preferably using a positive contrast medium, is essential-to demonstrate soft tissue, non-radio-opaque encroachment on the spinal canal and intervertebral foraminae, such as an intervertebral disc protrusion, ligamentum flavum and the dura mater; again views in full flexion and in full extension are necessary. Computerised axial tomography (C.A.T.) of the spine is now becoming available and will be a most valuable safe and non-invasive investigation for many spinal disorders and certainly for cervical spinal stenosis; horizontal 'sections' of the spine, taken at different levels, clearly show the diameter of the spinal canal, and it is now becoming possible to carry out longitudinal studies of the spine using C.A. T. In the series of patients discussed in this paper, two measurements have been made of the antero-posterior diameter of the spinal canal: (r) using plain radio graphs; and (2) using myelograms:
(a) the distance from the postero-inferior edge of the vertebral body above and the site of fusion of the lamina and spine of the vertebra caudal to this vertebra.
(b) the distance from posterior aspect of the centre of the vertebral body to the cortical line (base) of the spinous process of the same vertebra.
The criteria used to arrive at a diagnosis of cervical spine stenosis in this series are-in the plain radiographs an antero-posterior diameter of r2 mm or less, and in the myelograms in over 50 per cent of the patients the antero-posterior diameter 4-6 mm less than this, that is 8-6 mm-representing the 'soft, non-radio-opaque tissues' such as protruded intervertebral disc; thickened anterior, thickened posterior common ligaments; infolded dura mater; infolded ligamentum flavum.
Other Investigations
Evoked potential studies, and estimation of the H-reflex are also being done.
Criteria for Operative Treatment
Pre-operative factors considered to be important include:
Length of history. The best results with operative treatment are obtained in those patients where the history is a year or less.
Degree and type of neurological abnormality. Patients with an anterior cord syn drome or a subtotal cord syndrome respond best to operative treatment. Those with a central cord syndrome, or a posterior cord syndrome do less well, and indeed surgical treatment is contra-indicated in such patients.
Radiological features. All pathological changes seen in radiographs of the cervical spine play some part in the production of the clinical syndrome and have a bearing on the results of operative decompression of the contents of the spinal canal. The importance of individual abnormalities, including the reduction or loss of cervical lordosis, canal narrowing, foraminal narrowing, osteophytes etc., is not yet known.
Age and sex of the patient. As far as can be ascertained from the present study, the age of the patient per se is not of special importance. Neither is the sex of the patient.
Aims and Types of Operation
The intention is to decompress the neural and vascular structures in the affected portion of the cervical spine and to ensure that the spine is left quite stable and that any cervical lordosis or retrolisthesis is corrected. Different operations are available, but the choice of operation or operations for any individual patient has not yet, in the literature, been well defined (Galera & Tovi, 1968) ; although with a large enough series of patients studied in detail over a long enough period of time, it is now becoming possible to be selective con cerning the type of patient who should benefit from operative treatment and the type of operation that should be applied for that particular patient. To the knowledge of the author of this paper, very little has been written to date about this subject. Kessler (1975) said that an anterior operation on the cervical spine may result in complications arising if it was necessary to operate on two or more segments; for this reason, he advises a wide laminectomy as the best form of treatment.
As will be seen from Table III , different types of operation have been carried out on these 45 patients, including extensive anterior decompressive-fusion procedures, extensive decompressive laminectomies and indeed in several patients both of these operations have been carried out on the same patient, the second procedure following the first after an interval of several weeks or longer. Table IV is the type of neurological syndrome that the patient had, and the result of operative treatment. The length of the history and the radio logical features also influence the result of the particular type of operation or operations that were carried out. Careful follow-up studies are made, 6 weeks after operation, then at 3 months, at 6 months, and then once a year. All of the patients have been followed up for at least I year, several for up to 13-15 years (Table V) .
Results
Set out in
Thirteen patients fully recovered, eight with radicular and five with myelo pathic syndromes; and a further 24 made a 'good' recovery; three had a radicular, and 18 a myelopathic syndrome. There has been no mortality, and no significant neurological complications.
SUMMARY
The aetiology of the condition called 'cervical spinal canal stenosis' is dis cussed, along with the various clinical syndromes that may develop, and mention has been made of the radiological techniques that are used and are recommended for the study of these patients.
For this study, 45 patients who had cervical spine stenosis resulting from cervical spondylosis are discussed.
With a detailed study of a sufficient number of these patients, and a meticulous clinical and radiological follow-up over a period of several years, it is now becoming possible to recommend particular forms of operation for patients with syndromes severe enough to warrant operative treatment.
It is stressed that most assiduous clinical and radiological follow-up examina tions are necessary, because in some of these patients an additional operation may be required to halt the patient's clinical deterioration, and in several to improve their clinical state.
RESUME
On discute l'etiologie de l'etat appele 'stenose du canal rachidien cervical', de meme que les differents syndromes c1iniques pouvant se developper, et on mentionne les tech niques radiologiques utilisees et recommandees pour l'etude de ces patients. 
